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Abstract: The reaction of 6,8-bisethynylpyrene-2-carboxylic acid 
methyl ester with 1-azido-2-(2-(2-azidoethoxy)ethoxy)ethoxy)ethane 
using standard “click” chemistry produced a 1+1 crown ether (CPYR). 
The copper ions used both catalyse the reaction and provide a 
template for ensuring smooth cyclisation. The X-ray crystal structure 
of the compound reveals the two triazole groups are non-coplanar 
with the pyrene moiety. The triazole groups are more co-planar with 
the pyrene subunit in the first-excited singlet state as revealed by a 
density functional theory (DFT) calculated molecular structure 
(B3LYP, 6-311G). Partially structured emission observed in 
acetonitrile is consistent with the calculation result. In acetonitrile 
solution the macrocycle CPYR interacts with a Na+ ion to form a 
complex in which the ion binds with the crown and the pyrene residue.     
Introduction 
Crown ether macrocyclic structures have been the cornerstone of 
host-quest chemistry since the pioneering work of Pedersen,[1] 
and are useful for their diverse utility in catalysis, molecular 
recognition and sensing applications.[2] Unfortunately, due to 
continual synthetic challenges (e.g., many synthetic steps, low 
yield, the use of the high dilution method), the synthesis of 
macrocycles tend to be uneconomical. A viable solution to the 
problems is via the use of click chemistry.[3] The copper-catalysed 
azide-alkyne cycloaddition (CuAAC), or click reaction, is straight-
forward, has high tolerance to reaction conditions, substrate 
structures and functional groups, provides binding sites for 
molecules and most importantly it is regioselective in the 
generation of 1,4-disubstituted-1,2-3-triazole molecules.[4] To 
date, several papers have been published reporting the 
successful synthesis of a number of click macrocycles exhibiting 
intriguing properties like anion-binding[5] and chemical sensing.[6] 
Some have reported the involvement of the 1,2,3-triazole rings 
from the click macrocycles in metal ion binding.[7] Click chemistry 
has been utilised in various fields ranging from organic synthesis, 
polymer/material chemistry to medicinal/life science 
applications.[8] 
As part of our research effort into bulky 6,8-functionalised pyrene 
derivatives for triplet-triplet annihilation delayed fluorescence 
studies[9] there was a need to prepare a crown-like compound. 
The design criterion behind such a molecule is based on 
controlling intramolecular interactions in a dimer so to facilitate 
triplet localization on each subunit. In order to diminish excimer 
formation too close a contact should be prevented, but there still 
needs to be close proximity to facility the T1-T1 annihilation 
process. In fact the requirements are essentially opposite to the 
pyrene-based cation excimer sensors where binding forces two 
pyrene groups into close proximity.[10]  A head-to-tail arrangement 
is a potential solution (Figure 1) provided that cation binding is 
both at the crown and pyrene sites. Given that a triazole group 
contains potential binding sites its formation close to a pyrene, 
coupled to a proximal crown ether would in principal fit the design 
requirements.           
 
 
 
 
 
 
 
 
 
Figure 1. Design concept where cation binding to a crown facilitates head-to-
tail allignment but maintians two pyrene groups in close proximity. 
   
The diacetylene derivative 1 (Scheme 1) was the obvious starting 
material target since two click reactions would, if the reaction 
worked, form an exocyclic bulky structure with a cation recognition 
site. The preliminary test reaction proceeded extremely well with 
no apparent sign of polymer formation or higher order ring 
systems. A template effect is proposed to account for the success 
of the reaction in which copper ions involved in the click process 
facilitate cyclisation. Importantly the triazole groups have no 
detrimental effect on the photophysics of the molecule despite 
their close proximity to the chromophore. The macrocycle 
displayed binding with the cations Li+ and Na+ in acetonitrile, but 
not to ions including H+, K+ and NH4+. The Na+ adduct does 
appear to interact with both the pyrene and crown segment as 
required in the design concept.        
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Scheme 1. Preparation of the pyrene-based clicked crown ether CPYR. 
Results and Discussion 
The pyrene derivative, CPYR, was synthesised via a click reaction 
between 2 and 6,8-bisethynylpyrene-2-carboxylic acid methyl 
ester, 1, as shown in Scheme 1. Several reaction conditions were 
attempted in the synthesis of CPYR (see Table 1 SI) but it was 
found that the reaction which utilised Cu(0) as the copper source, 
CuSO4.5H2O as the oxidising agent and tris[(1-benzyl-1H-1,2,3-
triazol-4-yl)methyl]amine, TBTA as the ligand was the only 
workable reaction condition. The 1H NMR spectrum of the crude 
material was relatively simple showing only signals for the product 
(ca. 70% yield) and trace amounts of TBTA. Successful synthesis  
of CPYR was confirmed from its 1H NMR spectrum (Figure 2) by 
the appearance of a singlet at 8.30 ppm attributed to the H21 and 
H22 protons from the 1,2,3-triazoles and the absence of a singlet 
corresponding to the terminal acetylene protons previously seen 
in the starting material, 1. Prominent multiplet signals around 4.75 
ppm and 3.93-3.57 ppm can be attributed to the OCH2 protons 
(H23 – H30) on the newly enclosed “crown-ether-like cavity”. 
 Figure 2. 1H NMR spectrum (400 MHz, CDCl3) of CPYR. 
 
From the HMBC NMR spectrum (see SI) a correlation between 
the two protons on the 1,2,3-triazoles (H21, H22) and their 
neighbouring triazole carbons (C19, C20) and pyrene’s carbon 
(C7) were observed, thereby suggesting that the ‘clicks’ were 
made on the 6,8-ends of the pyrene. In order to rule out the 
possibility of dimer formation, mass spectrometry was 
employed. The positive nanoESI of CPYR (see SI) showed the 
presence of a [M+H]+ species at m/z = 553.2183 (in DCM/MeOH 
+ NH4OAc) which matched its corresponding theoretical isotope 
model within a mass error of 2 ppm. The FT-IR spectrum of 
CPYR confirmed the absence of terminal alkyne ≡C-H stretching 
vibrations at 3288 and 3247 cm-1, as well as the lack of the 
asymmetrical stretching vibration for the azide at 2100 cm-1. 
 
The unequivocal identification of CPYR was made via X-ray 
crystallography. Single crystals suitable for analysis were grown 
via slow evaporation of the solvent from a solution of the 
compound in DCM. The asymmetric unit of the X-ray crystal 
structure comprises two crystallographically-independent 
molecules in which the crown ether-like moieties were modelled 
as disordered over two positions. The molecular structure is 
shown in Figure 3 and selected bond lengths are shown in Table 
1. For all four triazole rings across the two independent 
molecules the conformation is roughly the same with the 
nitrogen atoms of the group oriented away from the central 
cavity.   Where the atoms are modelled as fully-occupied, the 
triazole groups are observed to be non co-planar with the pyrene 
group with the N1-C20-C8-C14 torsion angle and its equivalents 
ranging between ca. 27° and 37°. It should be noted that the one 
disordered triazole ring appears to be close to co-planar with the 
pyrene but the geometric parameters of these partially-occupied 
moieties are less reliable. 
 
Figure 3. The molecular structure of one of the independent molecules of 
CPYR as determined by X-ray crystallography with ellipsoids drawn at the 
50% probability level and the atomic. For clarity, hydrogens have been 
omitted and only the disorder component with the highest occupancy has 
been shown. 
Given the degree of conformational flexibility exhibited by the 
large crown ether like cavity in this molecule, as exemplified by 
the disorder of this ring in the crystal structure, the interatomic 
    
 
 
 
 
 
distances measured that might describe the size of the ring 
should be interpreted carefully. For example, where the 
disordered atoms with the largest occupancy only are 
considered, the C7···O4A distance of 4.954(4) Å is much shorter 
than the equivalent distance for the other independent molecule 
(C37···O9A) which is 5.916(6) Å. If this C···O distance were 
considered the ‘length’ of the cavity then if the distance between 
the protonated carbon atoms of the triazole rings is considered 
the ‘breadth’ this measure is observed to be much more 
consistent with distances of 5.369(3) Å for C19···C21 and 
5.003(4) Å for C49···C51A. 
 
Table 1. Selected bond lengths for CPYR. 
Atoms Bond Lengths / Åa] Atoms Bond Lengths / Å[a] 
N3-C23 
N2-N3 
N1-N2 
N1-C20 
C20-C21 
N3-C21 
C8-C20 
C2-C1A 
O2A-C1A 
1.467(2) 
1.336(2) 
1.314(2) 
1.362(3) 
1.377(3) 
1.347(2) 
1.482(2) 
1.516(7) 
1.372(11) 
N6-C30 
N5-N6 
N4-N5 
N4-C18 
C18-C19 
N6-C19 
C6-C18 
O1A-C1A 
O2A-C22A 
1.466(3) 
1.347(2) 
1.308(2) 
1.373(2) 
1.373(3) 
1.344(3) 
1.471(3) 
1.191(10) 
1.425(7) 
[a] Standard deviation in bracket. 
 
 
Figure 4. A view of the packing arrangement in the structure of CPYR showing 
the step-wise stacking of the asymmetric along the [010] direction. Hydrogen 
atoms and minor disorder components are omitted for clarity. 
The two molecules comprising the asymmetric unit appear to 
exhibit a degree of aryl overlap and can be considered to be π···π 
stacked dimers. These dimers are observed to form columns of 
molecules along the crystallographic [001] direction, with each 
molecule at a ca. 37° angle to the c axis. The stacking motif forms 
in a step-wise fashion as each dimer is slightly off-set relative to 
its neighbours and hence there are no contacts indicative of inter-
dimer π···π interactions. The result of this is that the crown ether-
like rings of the structure do not align in such a way as to produce 
continuous channels in the solid state.  
Coordination Experiments of CPYR 
The cavity of CPYR resembles that of a crown ether, albeit with 
only three oxygen atoms, with a small central void. In order to 
assess any potential cation binding a series of studies involving 
the use of 1H NMR, UV-Vis and fluorescence spectroscopy were 
carried out. Note that acetonitrile was used based on the mutual 
solubility of CPYR and the chosen hexafluorophosphate salts. For 
a typical 1H NMR experiment, a stock solution of CPYR in 
acetonitrile was prepared by dissolving around 10 mg in 2.5 mL 
of CD3CN. The solution was then divided into five NMR tubes and 
the initial 1H NMR spectra were recorded. In each NMR tube, one 
hexafluorophosphate salt (~1 mg) was added. TFA was pre-
diluted in CD3CN (10 µL in 0.5 mL CD3CN) before 5 µL of it was 
added into the last NMR tube. The 1H NMR spectra of the five 
samples were recorded and are compared in Figure 5. From 
inspection of the stacked 1H NMR spectra several peaks were 
seen shifted upon addition of LiPF6 and NaPF6 whilst no/negligible 
changes were observed in samples containing KPF6, NH4PF6 and 
TFA. This suggests that only the Li+ and Na+ cations interact with 
CPYR in an acetonitrile solution. In the case of Li+, the presence 
of cation seemed to reduce the solubility of CPYR in CD3CN 
leading to very weak 1H NMR signals as shown. Apart from the 
decreased intensity in proton signals, H11, H23,24 and H25,26, 
peaks appeared deshielded whilst H27,28 and H29,30 coalesced 
into a single peak. The insoluble nature of the CPYR-Li+ complex 
formed in CD3CN eventually caused it to precipitate out of solution.  
In the case of Na+, peaks attributed to the CH2 protons in the 
crown-ether-like chain (H23,24 and H25,26) were shifted 
downfield, whereas those corresponding to the C-H aromatic 
protons of pyrene (H7 and H5,9) were shifted upfield. Whilst no 
other CH2 protons in the chain experienced noticeable chemical 
shifts, the downfield shifts of H23,24 (+0.03 ppm) and H25,26 
(+0.01 ppm) were an indication of Na+ ion interaction. The Na+ ion 
in this case did not appear to interact with all O atoms from within 
the crown-ether-like cavity due to the absence of chemical shifts 
from the other two CH2 protons (H27,28 and H29,30). Instead, the 
ion appears to associate closer towards the pyrene-end of the 
cavity which explains the agostic interactions observed between 
C-H7-Na+ and C-H5,9-Na+ reflected by upfield shifts of H7 (-0.07 
ppm) and H5,9 (-0.13 ppm), respectively. This observation is 
especially encouraging as it does support to some degree the 
design concept shown in Figure 1. Unfortunately there was no 
evidence from mass spectrometry results to support dimer 
formation or even a sodium ion adduct. Finally, in the case of K+, 
NH4+ and H+, no significant change in chemical shift was observed 
in all of the 1H NMR spectra. The folding up of the crown and 
cation  interaction does not appear to occur for the K+ and NH4+ 
ions. The H+ ion may simply interact at a triazole site or ester. 
Given these findings the subsequent UV-Vis and fluorescence 
measurements were only carried out in the presence of Li+ and 
Na+ ions.  
    
 
 
 
 
 
 
Figure 5. Stacked 1H NMR spectra of CPYR in CD3CN before and after the 
addition of LiPF6, NaPF6, KPF6, NH4PF6 and TFA. The chemical structure of 
CPYR shown on the right is labelled the same way as its 2D NMR spectrum in 
CDCl3 (see SI), however, only protons are shown and those showing chemical 
shifts/interactions are emphasised in bold. The left insert shows the proposed 
binding mode for the Na+ ion. 
Absorption and Emission 
The normalized absorption, emission and excitation spectra of 
CPYR in spectroscopic grade CH3CN are shown in Figure 6. 
Unlike the absorption spectra of typical pyrene derivatives,[11] the 
vibronic band structures attributed to the π-π* transitions of CPYR 
are much less pronounced/broadened and resemble more of a 
substituted pyrene. The small absorption band located at 410 nm 
is genuine and not removed by careful purification of the 
compound. The peak is also observed in the excitation spectrum 
which is a good match to the absorption spectra and consistent 
with excited state(s) directly coupled to the ground state. The 
band is not the result of an excimer which absorbs well into the 
red region and is associated with a broad absorption profile.[12] 
The structured emission profile is supportive of a more planar 
excited state, which would occur if the two triazole rings become 
co-planar with the pyrene group. Density functional theory (DFT) 
calculated structures (B3LYP, 6-311G) of the ground- and first-
excited singlet state (see SI) do concur with this idea with a 
reduction in the triazole-pyrene twist angle (ca. 8o). The quantum 
yield of fluorescence (FLU) of CPYR in air-equilibrated CH3CN is 
0.33 and the fluorescence lifetime (S) measured by single-
photon-counting was strictly mono-exponential and 18 ns. Both 
the FLU and S are on par with 1 (FLU = 0.27, S = 20 ns) 
suggesting that there is no quenching effect by close proximity of 
the triazole to the pyrene group. The radiative rate constant (kRAD 
= FLU/S) of 1.8 x 107 s-1 and non-radiative rate constant (kNR 
=1(1/S-kRAD) of 3.8 x107 s-1 are both comparable with similarly 
substituted pyrene derivatives.[13]   The FLU in N2-purged CH3CN 
increased to 0.55 and the fluorescence decay profile was best fit 
to a dual exponential decay comprising of 68 ns (99.2%) and 0.8 
s (0.8%). The long-lived component, despite its small 
percentage, is in line with a minor delayed fluorescence 
contribution which would result from bimolecular pyrene triplet-
triplet annihilation. Analysis of the delayed fluorescence response 
using the method described by Wiesman and Bachilo[14] (see SI) 
afforded a triplet quantum yield (ɸT) of 0.014.               
 
The addition of LiPF6 into CPYR in CH3CN did not induce a 
change in the absorption spectrum, however, a decrease in the 
intensity of the emission spectrum was observed. This can be 
attributed to simple precipitation of the insoluble CPYR-Li+ 
complex. Since fluorescence spectroscopy is much more 
sensitive than UV-Vis spectroscopy, the small changes in CPYR 
concentration upon addition of Li+ were only observable in the 
emission spectra. Likewise, the addition of NaPF6 did not yield 
any obvious changes in the absorption spectrum of CPYR in 
CH3CN, and certainly showed no sign of excimer formation. 
Despite its apparent 1H NMR chemical shifts mentioned earlier on, 
the presence of Na+ did not reciprocate a change in its emission 
spectrum and an alteration in the FLU. The poor response 
suggests that any cation- interaction is not strong enough to 
perturb the excited state of the pyrene moiety or induce 
intersystem crossing to the triplet state. 
Figure 6. Normalised absorption (black), excitation spectra (dash) and emission 
(grey) of CPYR in acetonitrile. 
Conclusions 
The click reaction at a 6,8-bisethynylpyrene derivative offers a 
easy way to introduce an exocyclic crown ether into the structure. 
The attempt to try and force cation interactions at both the pyrene 
and crown sites was partially successful because of the 
specifically designed size of the spacer and the number of oxygen 
atoms. Dimer formation was unfortunately not observed even 
when the slightly larger K+ ion was used. Switching on further 
secondary supramolecular interactions is likely required and 
could be introduced via the ester group. The alternative is to 
produce a dimer from the ester group and use the crown to bind 
an entity that keeps the pyrene groups separated at a precise 
distance. The one way to achieve this is via pseudorotaxane 
formation based on ammonium ion binding.[15] The click method 
could be adapted to introduce longer alkoxy linkers between the 
6,8 positions which would support such binding. We expect to test 
this idea in next generation derivatives for delayed fluorescence 
studies.        
 
    
 
 
 
 
 
Experimental Section 
Methods 
1H and 13C NMR spectra in deuterated chloroform (CDCl3) were 
recorded on Bruker Avance III 300 MHz and Jeol ECS 400 MHz 
spectrometers. 2D NMR such as 1H-1H correlation (COSY), 1H-
13C heteronuclear single quantum correlation (HSQC), 1H-13C 
heteronuclear multiple bond correlation (HMBC) were used to 
substantiate 1H and 13C NMR assignments of the synthesised 
compounds. FT-IR spectra were obtained using a Spectrum Two 
FT-IR Spectrometer fitted with a diamond crystal plate ATR unit 
(PerkinElmer). Mass spectrometry analyses of the newly 
synthesised products were performed on a Thermo Scientific LTQ 
Orbitrap XL spectrometer equipped with an Advion NanoMate 
inlet in positive and negative ionisation modes by the team at 
EPSRC UK National Mass Spectrometry Facility, Swansea 
University. 
 
Crystal structure data for 1 were collected at 150 K on a Xcalibur, 
Atlas, Gemini ultra diffractometer equipped with an Enhance Ultra 
(Cu) X-ray Source (λ CuKα = 1.54184 Å) and an Oxford 
Cryosystems CryostreamPlus open-flow N2 cooling device. Cell 
refinement, data collection and data reduction were undertaken 
via software CrysAlisPro. Intensities were corrected for 
absorption using a multifaceted crystal model based on 
expressions derived by Clark & Reid.[16]   
 
Crystal structure data for CPYR were collected at 100 K at 
beamline I19 at Diamond Light Source using synchrotron 
radiation (λ = 0.68890 Å). The data were processed using the 
software APEX3 (Bruker, 2015).  
Using the Olex2[17] interface, all structures were solved using 
XT[18] and refined by XL[19]. All non-hydrogen atoms were refined 
anisotropically and hydrogen atoms were positioned with 
idealized geometry. The displacement parameters of hydrogen 
atoms were constrained using a riding model with U(H) set to be 
an appropriate multiple of the Ueq value of the parent atom. 
Structural parameters are deposited in the Cambridge Structural 
Database CCDC 1893611 and CCDC 1893594. 
All solvents used for UV-Vis and fluorescence experiments were 
bought at the highest available grade and their purity were 
checked before the experiments. Absorption spectra were 
recorded using UV-1800 UV-Vis Spectrophotometer. Samples 
were dissolved in spectroscopic grade solvent in a 1 cm by 1 cm 
quartz cuvette. Baseline was corrected prior to measurements. 
Fluorescence emission and excitation spectra were recorded 
using a Shimadzu RF-6000 Spectrofluorophotometer. 
Measurements were repeated several times at varying 
concentrations and excitation wavelengths. Fluorescence 
quantum yields were estimated using 9,10-dimethylanthracene in 
ethanol (FLU = 0.89) as a standard.[20] The absorbance at the λexc 
of the sample solutions were strictly kept below 0.04 while the 
absorbance at the λmax below 0.10. Fluorescence lifetimes were 
measured using an Edinburgh FLS980 photoluminescence 
spectrometer, equipped with a time-correlated single photon 
counting (TCSPC) module and a Hamamatsu R928P 
photomultiplier tube (in fan assisted TE cooled housing, operating 
temperature -20 oC). Samples were excited with an EPL-375 
(370.8 nm; 61.1 ps pulse width) picosecond pulsed diode lasers 
and data analysis was performed on the F980 software with 
numerical data reconvolution based on Marquardt-Levenberg 
algorithm. 
Materials 
Reagents and solvents were bought from various commercial 
suppliers at the highest purity possible and were used without 
further purification unless otherwise specified. The starting 
material 6,8-di(isopropylsilylprop-1-ynyl)pyrene-2-carboxylic acid 
methyl ester, P1 was synthesised by procedures reported 
previously.[9] The diazide 2 was prepared starting from the 
ditosylated version of tetraethyleneglycol and reaction with 
sodium azide. THF stabilized with BHT (ACROS Organics) was 
dried over activated 4 Å molecular sieves under nitrogen 
atmosphere for several days before use. 
 
Synthesis of 1 
P1 (1.1 g, 1.8 mmol) was dissolved in anhydrous DMF (60 mL) 
and refluxed at 120 oC under Ar. To pre-dried KF (1.1 g, 18.9 
mmol) was added anhydrous DMF (35 mL). When all KF 
solubilised, the solution was added dropwise to the reaction 
mixture. The reaction mixture was left to reflux overnight and 
monitored with TLC. Upon completion, H2O (55 mL) was added 
to the reaction mixture at RT. The resulting solid was suction 
filtered to yield 1 (0.40 g, 1.3 mmol, 72 %) as a brown powder. 1H 
NMR (300 MHz, Chloroform-d) δ 8.88 (s, 2H, H1, H3), 8.58 (d, J 
= 9.1 Hz, 2H, H5, H9), 8.37 (s, 1H, H7), 8.23 (d, J = 9.1 Hz, 2H, 
H4, H10), 4.10 (s, 3H, H11), 3.63 (s, 2H, H21, H22). 13C NMR (75 
MHz, Chloroform-d) δ 167.39 (C12), 135.28 (C7), 133.35 
(C15,C16), 131.02 (C13,C14), 129.88 (C4,C10), 128.18 (C2), 
127.14 (C1, C3), 126.10 (C5,C9), 124.05 (C17), 121.62 (C18), 
117.13 (C6,C8), 83.59 (C21,C22), 81.55 (C19,C20), 52.73 (C11). 
FT-IR (vmax, cm-1) 3288, 3247 (≡C-H stretching vibrations), 1711 
(aromatic ester C=O stretching vibration), 1310, 1232 (aromatic 
ester C-O stretching vibrations), 899, 815, 766 (aromatic C-H out 
of plane bending vibrations). (+)nanoESI-FTMS (m/z): found 
[M+H]+ 309.0912, calcd. for C22H13O2: 309.0910. 
Synthesis of CPYR 
TBTA (18.4 mg, 34.7 µmol) and copper powder (22.0 mg, 0.3 
mmol) were added to N2 purged solution of 2 (85.0 mg, 0.3 mmol) 
in dry THF (40 mL) at RT. A CuSO4 (9.1 mg, 36.4 µmol) solution 
(80 mL) was added dropwise into the reaction mixture over 20 
minutes. This was then followed by dropwise addition of 1 (107.0 
mg, 0.3 mmol) pre-dissolved in dry THF (40 mL) (purged with N2) 
over 20 minutes. The reaction mixture was allowed to react at 40 
oC for 1 hour with TLC monitoring. The reaction mixture was 
allowed to cool to RT before suction filtered to remove unreacted 
copper powder. The filtrate was extracted with DCM (120 mL) and 
the combined organic layer was dried over MgSO4. Upon drying 
with rotary evaporator, the residue was purified with silica 
preparative TLC. The crude material pre-dissolved in DCM/MeOH 
(5 mL, 7:3) was spotted onto the baseline of the prep-TLC plate 
and was then eluted with ethyl acetate : petrol (100 mL, 7:3). The 
purification resulted in yellow crystals (76.00 mg, 137.5 µmol, 
46 %). 1H NMR (400 MHz, Chloroform-d) δ 9.34 (d, J = 9.3 Hz, 
2H, H5, H9), 8.88 (s, 2H, H1, H3), 8.30 (s, 2H, H21, H22), 8.26 (d, 
J = 9.3 Hz, 2H, H4, H10), 8.20 (s, 1H, H7), 4.78 – 4.72 (m, 4H, 
H23, H24), 4.09 (s, 3H, H11), 3.96 – 3.91 (m, 4H, H25, H26), 3.80 
– 3.74 (m, 4H, H27, H28), 3.69 – 3.64 (m, 4H, H29, H30). 13C 
NMR (101 MHz, Chloroform-d) δ 167.75 (C12), 148.72 (C19,C20), 
131.35 (C13,C14), 129.42 (C7), 129.36 (C17,C18,C6,C8), 128.99 
(C4,C10), 127.70 (C2), 126.76 (C5,C9), 126.20 (C1,C3), 125.42 
(C15,C16), 124.65 (C21,C22), 71.61 (C27,C28), 71.43 (C29,C30), 
70.26 (C25,C26), 52.61 (C11), 50.80 (C23,24). FT-IR (vmax, cm-1) 
3143, 3068 (C-H stretching in triazole), 2872 (N3 asymmetric 
stretching vibration), 1716 (aromatic ester C=O stretching 
vibration), 1299, 1215 (aromatic ester C-O stretching vibrations), 
    
 
 
 
 
 
831, 768 (aromatic C-H out of plane bending vibrations). 
(+)nanoESI-FTMS (m/z): found [M+H]+ 553.2183, calcd. for 
C30H29O5N6: 553.2194. 
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